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ANALOGS OF VITAMIN E 

BACKGROUND OF THE INVENTION 

(a) Field of the Invention 

5 The invention relates to analogs of -vitamin E 

and their use as pharmacological agents. 

(b) Description of Prior Art 

It is well known that reactive oxygen derived 
free radicals (i.e. # 0H, # 00H, # 02~) are responsible for 
10 damaging cellular components and play an important role 
in initiating biological disorders leading to cancer, 
cardiovascular disease and aging (Halliwell, B; 
Gutteridge, J. M. C, Eds. In Free Radicals in Biology 
and Medicine, Clarendon Press: Oxford, 1989; Ames, B. N 
15 et al., Proc. Natl. Acad. Sci. 1993, 90, 7915). Vitamin 
E (a- Tocopherol, or a-TOH, Formula 1-1) is one of the 
major fat-soluble antioxidants found in mammalian 
cells, and it plays a vital role in the maintenance of 
cellular redox status (Burton, G. W. et al . , Acc. Chem. 
20 Res. 1986, 15, 194). Its stability is enhanced by pro- 
tecting the phenolic hydroxyl group as an acetate 
derivative (Formula 1-2) which upon in vitro, or in 
vivo enzymatic hydrolysis (for example, cholesterol 
esterase) releases the free phenol (Moore, A. N. J. et 
25 al. , J*. Ant. Clitzitt. out-. 1SS3 . 117, 5677: HuOitt, A. «. J. 
ct -I . , J. /Lt. Chen:. Dec. 1904, HC, Zahalkc, II. 

A. et al., J. Am. Chem. Soc. 1991, 113, 2797). 
Increasingly, attention is turning to the role that 
this natural antioxidant; and its analogs, may play in 
30 reducing the incidence of heart disease and cancer 
(Bolkenius, F. N. et al . , Free. Rad. Res. Comms. 1991, 
14, 363; Grisar, J. M. et al . , J. Med. Chem. 1991, 34, 
257; Grisar, M .J. Bolkenius, F. EP 0 535 283 Al, 1991; 
Grisar, M .J. Bolkenius, F. EP 0 550 292 Al, 1992; 
35 Sen, C.K. et al . FASEB J. 1996, 70, 709; Irani, K. et 
al., Science, 1996, 275, 1649). 
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1 



Phytyl chain 




R: H. Vitamin E (RRR- a«Tocophero!. a-TOH, 1) 
R: Ac, (RRR- a-Toccpheryi acetate, a -TO Ac, 2) 

A major limitation of the use of Vitamin E is 
its extreme insolubility in water. This limitation 
severely affects its pharmacokinetics and tissue phar- 
maco-distribution. 

SUMMARY OF THE INVENTION 

One aim of the present invention is to provide 
analogs of vitamin E which have improved characteris- 
tics while retaining the desirable features of Vitamin 
E. 

In particular the analogs may exhibit charac- 
teristics such as efficient delivery or cell -uptake. 

The invention also provides novel pharmaceuti- 
cal formulations containing the analogs as active 
ingredient and processes for producing the analogs. 

Tn accordance v/ith the. invention there is pro- 
vided a compouxui or rormula {X; : 



Me 




Me 



25 the 2 -position is S or R racemic, 



10 



15 
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wherein R is 




(B) O 



O 



5 




(D) O 

X" is a pharmacologically acceptable anion, for exam- 
ple, chloride, bromide, brosylate, mesylate or tosy- 

10 late; 

Z is CH2OR1 in which 

R X is H, lower alkyl of 1 to 6 carbon atoms, lower 
acyl in which the alkyl moiety has 1 to 6 carbon 
atoms, or ORi is cholate (C 2 4 H 3 9°5> > 

15 or 
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Z is 4,8,12 trimethyltridecyl (TMT) or a natural phytyl 
group . 

The preferred analogs (3) to (9) of the present 
invention are as follows: 

phytyl chain 




-CI*H 3 N 

R: •CI^HaN'^^ -Cl + H 3 N 



CI *H 3 N VskX A 




nh 3 * cr 



CI + H 3 N 



CI + HUN 






R 1: 


6 


H 


7 


nCsHii 


8 


C(0)-nC 4 H 9 



HQ 
: Me 




NH 3 + cr 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a representation of vitamin E and its 
acetate showing the relationship with analogs (3), (4) 
and (5) of the invention; 
5 Fig. 2 shows the nucleus of vitamin E" and the 

regions which have been varied in accordance with the 
invention, together with representations of analogs 
(6) , (7) , (8) and (9) of the invention; 

Fig. 3 shows activity of analogs of the inven- 
10 tion against human breast cancer cell line; and 

Fig. 4 demonstrates the antimetastatic effect 
of compound 4 . 

DETAILED DESCRIPTION OF THE INVENTION 

15 In the preparation of the analogs (X) of the 

invention attention was directed to the derivatization 
of the phenolic hydroxyl of vitamin E by an ester bond, 
and modulation of the length of the 4 , 8, 12-trimethyl- 
tridecyl chain, and its attachment to the central core 

20 of vitamin E (Fig. 1) . 

The analogs of the present invention have been 
designed to display efficient delivery and cell -uptake 
behavior while retaining the desirable antioxidant fea- 
tures of vitamin E. Two important factors were consid- 

derivatization of the phenolic hydroxyl of vitamin E 
with amino acid derivatives via an ester bond, and (ii) 
modulation of the nature and length of the phytyl 
chain. Derivatization of the phenolic hydroxyl of vita- 
30 min E as an amino acid conjugate introduces a posi- 
tively charged group which is expected to be cleaved 
upon in vitro or in vivo enzymatic hydrolysis (e.g. by 
cholesterol esterases) . The modulation of the chain 
length may reduce the membrane -phili city of Vitamin E 
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and enhance the solubility of analogs of Vitamin E in 

an aqueous media. 

Particularly preferred analogs (X) of the 
invention in which Z is 4 , 8 , 12-trimethyltridecyl and R 3 

5 is methyl include: 

Analog (3) in which R is (A) and X" is Cl"; 

Analog (4) in which R is (B) and X" is CI'; and 

Analog (5) in which R is (C) and X~ is Cl~. 

Particularly preferred analogs (X) of the 
10 invention in which Z is OR 1 are those in which R 3 is 
methyl and R is (D) , X" being Cl~ and include: 

Analog (6) in which R^ is H; 

Analog (7) in which R x is nC5H i;L ; and 

Analog (8) in which R^ is CO.nC4H9- 
15 Another preferred analog (X) of the invention 

is 

Analog (9) in which R is (B) wherein X" is CI", 
R 3 is Me and OR^ is cholate. 

Analogs of Vitamin E (3-9) have been tested for 
20 their antiproliferative activity using a human breast 
cancer cell line, MCF7, and compared with the commer- 
cially available vitamin E derivatives, i.e. vitamin E 
(1) , vitamin E-acetate (2) , vitamin E-succinate (3) 
and rac-Trolox (13) . 
2r, -he ™;e«e?»; v;ill be uiore re^wily un- 

derstood by referring to toe following examples which 
are given to illustrate the invention rather than to 
limit its scope. 



30 EXAMPLE I 

Synthesis of Glycine or Lysine Conjugate of Vitamin E 

(Scheme 1, 3-5) 

The CBz-glycine or di-CBz lysine ester of Vita- 
min E (17 and 12) was prepared in 82-84% isolated yield 
35 after uurification over silica gel by coupling Vitamin 
E (1) to the CBz-glycine (10) or di-CBz-lysine (11) 
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using DCC/DMAP reaction conditions. All the new com- 
pounds were well characterized by X H NMR, 13 C NMR and 
MS analysis. 17 and 12 on hydrogenation conditions 
(H2, 10% Pd/C in 95% EtOH) gave the corresponding free 
5 amine derivatives and were isolated "as hydrochloride 
salts (3 and 4) after acidification with dil HCl . Com- 
pound 5 was obtained from 12 in 76% isolated yield in 
four steps: (i) hydrogenation of 12 to obtain the free 
amine derivative, (ii) coupling with the di-CBz-lysine 
10 (11) using DCC/DMAP reaction conditions, (iii) hydro- 
genation to obtain the free amine derivative, and (iv) 
the hydrochloride salt formation. 
Scheme 1 



Vitamin E (RRRet-TOH,1) 




Sehcms ±2 (a; CBz-Giy {1.0}, DCC, DM^P (10 
n>ol%) , CH2CI2, (b) di-CBz-bys (11), DCC, DMAP (10 
mol%), CH 2 C1 2 ; (c) (i) H 2 , 10% Pd-C, 95% EtOH; (ii) dil 
20 HCl 

EXAMPLE II 

Synthesis of Analogs of Vitamin E (Scheme 2, 6-9) 

14 was prepared from the rac- Trolox (13) in 
25 95% isolated yield in two steps, employing esterifica- 
tion followed by the LAH reduction. Di-CBz lysine 
ester derivative (15) was obtained from the coupling of 
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14 with the di-CBz-lysine (11) using DCC/DMAP reaction 
conditions in 85% isolated yield after purification 
over silica gel. All the new compounds were well char- 
acterized by 1h NMR, 13 C NMR and MS analysis. 15 on 
5 hydrogenation conditions (H2, 10% Pd/C in 95% EtOH) 
gave the corresponding free amine derivative, and was 
isolated as the hydrochloride salt (6) after acidifica- 
tion with dil HC1. The primary hydroxyl group of 15 
was subjected to alkylation (nCsHnBr, Et3N, RT) and 

10 acylation (11C4H9COCI, Et3N, RT) reaction conditions 
separately. After purification over silica gel, both 
the products were subjected to the hydrogenation fol- 
lowed by the hydrochloride salt formation to obtain 7 
and 8. 15 was also coupled with cholic acid using DIC, 

15 DMAP reaction conditions in order to introduce an 
amphiphilic auxiliary at the tail of Vitamin E deriva- 
tive. 16 as a coupled product was obtained in 66% iso- 
lated yield after purification over silica gel by 
column chromatography. As in previous cases, the CBz- 

20 groups were removed by hydrogenation to obtain the free 
amine derivative which was isolated as the hydrochlo- 
ride salt (9) . 
Scheme 2 
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Scheme 2: (a) (i) pTSA, EtOH, reflux; (ii) LAH, Et20; 
(b) di-CBz-Lys (11), DCC, DMAP (10 mol%) , CH 2 Cl2 ; (c) 
(i) H 2 , 10% Pd-C, 95% EtOH; (ii) dil HCl 0 (6); (d) (i) 
nCsHnBr, Et 3 N f THF; (ii) (c) 0 (7); (e) (i) 
11C4H9COCI, Et 3 N, THF; (ii) (c) 0 (8); (f) cholic acid, 
DIC, DMAP (10 1110!%), THF (9). 



EXAMPLE III 



Antiproliferative Activity of Analogs of Vitamin E 

Analogs of vitamin E (3-9) were tested for the 
antiproliferative activity on human breast cancer cell 
line MCF7 (Table 1) . Cells were grown in RPMI medium, 
supplemented with 10% fetal bovine serum and antibiot- 
ics, and were cultured in 5% CO2 (Alaoui- Jamali, M. A. 
15 et al., Radiation Res. 1992, 129, 37). For antiprolif- 
erative activity, MCF7 cells were seeded at the density 
of lxl0 3 /100ml/well in 96 well plates. After 18 h of 
culture, the cells were treated with various concentra- 
tions of vitamin E analogs, 3-9 for 96 h. The cytotox- 
20 icity was evaluated using 3 (4-dimethylthiazo-2-yl) -2 , 5- 
diphenyltetrazolium bromide (MTT) assay (Zheng-Rong, N 
et al., Cancer Res. 1995, 55, 4760). In brief, the 
culture media was replaced with a solution composed of 
20 nl complete media and 20 jil of a solution containing 
25 2.5 mg/ml of MTT in phosphate buffer (pH 7.4). After 



"» :< » 



dissolve the precipitate of reduced MTT. The sfasorb- 
ance was determined at 570 nm with a micro plate reader 
(BIORAD-450) . The IC50 was calculated as the dose of 
3 0 each analog causing a 50% reduction in absorbance, in 
comparison to untreated cells or cells treated with the 
solvent alone . 
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Table 1 

Antiproliferative Effects of Vitamin E 
Derivatives and its Analogs 

Compound Human Breast Cancer Cell 

Line MCF 7 

IC50 (MM) 



Vit E-OH (1) 329±12 

10 Vit E-OAc (2) >500 

Vit E-O-succinate >368 

Trolox (13) 1461±246 
3 

4 12±2 

15 5 

6 194±62 

7 (water soluble) 22±6 

8 (water soluble) 15+1 

9 (water soluble) 4±1 

20 

In comparison to Vitamin E-OH (1) , Vitamin E-OAc 
(2) , Vitamin E -O- succinate (purchased from Sigma) and 
the rac-Trolox (13), the new analogs 4, 7 and 9 have 
shown a high activity against human breast cancer cell 
25 line (Table 1, Fig. 3). Simple replacement of the ace- 

r 3, r £ i^i o r . V X X"AXU\'±.ii uy j. y .->-*. /..-.v. s-w*-^ -.^ . 

i • /v,: • - j__._p - 4 ~ "i ? Vt^ antioro] rfnrative 

activity. Furthermore, replacement of the 4,8,12-tri- 
methyltridecyl group of the lysine conjugate, 4, by a 

30 short hydrocarbon chain attached by an ether or an 
ester bond (7 or 8) or by an amphiphilic auxiliary (9) 
enhanced the solubility at physiological pH without 
affecting the antipro-lif erative activity. As 
expected, rac-Trolox (13), in which the 4 , 8, 12-trimeth- 

35 yltridecyl chain of Vitamin E has been replaced by the 
-COOH group, was not active. Similar results were 
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observed with the human breast cancer cell line, T47D 
and colon cancer cell line HCT116. 

EXAMPLE IV 

5 In vivo study using the Lewis lung carcinoma model 

Cell culture 

The Lewis lung carcinoma clone, M47, with a high 
metastatic potential to the lung. These cells were con- 

10 firmed to be free of mycoplasma infection. Cells were 
maintained in RPMI-1640 medium supplemented with 10% 
fetal bovine serum and 1% penicillin-streptomycin, 
under 5% CO2 . Cells were passaged twice a week. Stocks 
of cells were generated and stored as early passages 

15 (passage no. 8-10). Cells were then propagated and 
stocks of the same passages were established and stored 
in liquid nitrogen for further studies. 

For tumor induction, cells were grown to 70% 
confluence in complete medium and then collected using 

20 trypsin-EDTA solution [0.05% trypsin, 0.53 mM EDTA-4Na 
in HBSS without Ca++, Mg++, and NaHC0 3 ; Cellgro no. 25- 
052-Li] . Cells were then centrifuged and washed three 
times with phosphate buffer solution [D-PBS, Ca++ and 
Mg++ free; Cellgro no. 21-031-LV] , and resuspended at a 

25 dilution of 0.: to \-*\r.Z re?.7 «/•• . lrr.I . Viability v:r.n 
examined by f.vrypan blue staining and only flasks in 
which the viability was >95% were used for in vivo 
studies . 

The mouse strain used in this study is C57BL/10 
3 0 from the research laboratories and incinerators, and 
access to the animal facility is strictly limited to 
animal users only. Animal room used in our studies has 
two doors, one serving as the entrance, and the other 
door provides direct access to wash- 

35 ing/sterilization/incineration facilities. It permits 
accurate adjustment of environmental parameters includ- 
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ing temperature, humidity, ventilation, and lighting. 
Cleaning and sanitation practices are performed, on a 
daily basis, by personnel with appropriate training. 
Tumor cell inoculation and treatment 
5 Animals were housed 5 per cage and were fed a 
diet of animal chow and water ad libitum. After one 
week acclimatization, LLC cells were transplanted sub- 
cutaneously, as a suspension of tumor cells [2-5x105 
viable cells per 0.1ml], in the axillary region of the 
10. right flank. All animals were inoculated at the same 
site. Animals were subjected, on a daily basis, to gen- 
eral examination. Tumor growth was monitored every sec- 
ond or third day using calipers. Parameters measured 
are: tumor measured along the longest axis (length) and 
15 the perpendicular shortest axis (width) and the rela- 
tive tumor volume (in cm 3 ) was calculated by the for- 
mula: [Length (cm) x (width cm) 2 ]/2. When the tumor 
reaches a size of 0.5-1.0 cm2 (approximately 2-3 
weeks), mice were randomized into three groups. 
2 0 Animals were subjected to surgery to remove the 
primary tumor. The mice were lightly anesthetized with 
Forane. The skin overlying the tumor was cleaned with 
betadine and ethanol , in a laminar flow hood. A small 
skin incision (0.5-lcm) was made using a sterile seal- 
25 dsi . and toe uuutoi. wctt, uai ciuixy . ^ -■■ 



normal Libras (skin and r^uccle) . LLC (at parly stage 
of growth; 1-3 weeks) is well localized tumor and sepa- 
ration was easy to achieve v;ithout any significant dam- 
age to normal tissues. The tumor was removed, weighed 
30 and fixed for histopathology purposes. The wound was 
closed with surgical stainless steel clips (Autoclips; 
9mm; Clay Adams, Inc., Parsippany, NJ) . This site was 
further disinfected with betadine and the animal was 
housed as described earlier. 
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Mice were randomized after surgery into a group 
of 5 per cage. Cages were randomly assigned to specific 
experimental groups. The mice were then labeled by num- 
bers using the "ear punching" method. Mice were checked 
5 on a daily basis to ensure the absence of infection. 
Animals with discomfort were sacrificed immediately. An 
additional extra-group of control mice was included to 
determine the optimal timing for sacrifice in order to 
obtain a significant number of well localized lung 
10 metastases. This group was subjected to the same 
experimental procedure as group 1 with the exception of 
drug treatment. Based on this group, a period of two 
weeks after removal of the primary tumor was sufficient 
to obtain an average of 20-30 nodules on the lung sur- 
15 face. Therefore, a two week period after primary tumor 
removal was used to sacrifice mice of group 1. 
Dosing schedule and treatment 

Drugs were given by intraperitoneal [total vol- 
ume of 0.5ml per animal, every second day after sur- 
20 gery, for the duration of the experiment. Control ani- 
mals were given the same volume of saline solution 
[0.9% sodium chloride; Abbott Lab., lot no. 12 455 WS] . 
The dose of each drug was normalized to an average of 
20g body v^eight per animal. 

rhp fmri of each experiment (a total of 5-8 wteks; , ani- 
mals were sacrificed in a CO-2 Chamber and autopsied. 
Tumors, organs or both were removed under sterile con- 
ditions [using a laminar flow hood] . Tumors were 

3 0 weighed. Organs (5 per group) were examined for gross 
pathological changes and then fixed in 10% formalin. 
Lungs were fixed in 10% Bouin's fixative diluted in a 
formalin solution, and lung surface metastases were 
counted using a stereomicroscope at 4x magnification or 

35 a magnifying glass, and then lungs were embedded in 
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paraffin wax according to standard procedures. Embedded 
tissues were stored for future histopathological stud- 
ies . 

The results are illustrated in Fig. 4. The 
5 results demonstrate that treatment of mice with com- 
pound 4 at doses of 1 or 10 mg/Kg body weight, given as 
an intraperitoneal injection, resulted in an approxi- 
mately 50% of lung metastases, compared to control mice 
treated with the solvent alone. No toxic effect was 
10 observed at these doses. 

While the invention has been described in con- 
nection with specific embodiments thereof, it will be 
understood that it is capable of further modifications 
and this application is intended to cover any varia- 
15 tions, uses, or adaptations of the invention following, 
in general, the principles of the invention and 
including such departures from the present disclosure 
as come within known or customary practice within the 
art to which the invention pertains and as may be 
20 applied to the essential features hereinbefore set 
forth, and as follows in the scope of the appended 
claims. 
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WHAT IS CLAIMED IS: 



1. A compound of formula (X) provided a compound 

of formula (X) : 

Me ... 




Me 

the 2 -position is S or R racemic, 



wherein R is 




(B) O 



0 
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-X +H 3 N 




(D) O 

X - is a pharmacologically acceptable anion, for exam- 
ple, chloride, bromide, brosylate, mesylate or tosy- 
late ; 

Z is CH 2 ORx in which 

R ± is H, lower alkyl of 1 to 6 carbon atoms, lower 
acyl in which the alkyl moiety has 1 to 6 carbon 
atoms, or 0R X is cholate (C 2 4 H 3 9°5) » 

or 

Z is 4,8,12 trimethyltridecyl (TMT) or a natural phytyl 
group . 

2. A compound of claim 1, wherein said compound of 

formula X and R are as follows: 



phytyl chain 
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3. The compound of claim 1, wherein said compound 

of formula X and R are as follows: 




O Me 




4. a pharmaceutical composition comprising a 
physio-logically acceptable, therapeutically effective 
amount of a compound of formula (X) of claim 1, in 
association with a pharmaceutical^ acceptable carrier. 

5. A pharmaceutical composition comprising a 

.^W ,— - _ -.^^^y-y*. -»V%"*. -a l-^orarMDni-ira'! lv Gffective 

U4JI V o a. >w — J. «-* -»- J- » w w N> — — f — • J."* ^~ "** — — « 

amount of any one or analogs ' v a ; co v»; o-_ -aaj.'.^ — - 
3, in association with a pharmaceuticaily acceptable 
carrier. 

6. A compound according to claim 1, for use in the 
treatment of cancer. 

7. Use of an analog (3) to (9) of claims 2 and 3, 
in the manufacture of a medicament for the treatment of 
cancer. 
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8. A method of treating cancer comprising adminis- 

tering to a person in need of treatment, a therapeuti- 
cally effective amount of a compound of claims 1 to 3 . 
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